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SENSORY CHANGES IN THE SUBACUTE COMBINED
DEGENERATION OF PERNICIOUS ANEMIA*
ARTHUR S. HAMILTON, M.D. and CHARLES E. NIXON, M.D.
MINNEAPOLIS
In the following article we desire to summarize the development
of our knowledge of sensory phenomena associated with pernicious
anemia and to record the sensory changes encountered in forty-one
cases of pernicious anemia studied in the Elliott Memorial Hospital
of the University of Minnesota and in the university service of the
Minneapolis General Hospital. Nearly all these cases were also studied
by the members of Dr. Rowntree's staff in internal medicine and no
case appears in our list in which the diagnosis of pernicious anemia
was disputed. Most of our cases belong to the Addison-Biermer type
of pernicious anemia.
HISTORICAL SURVEY
Addison 1 (1855), in his original description of pernicious anemia,
said nothing of involvement of the nervous system except that he
found some fatty degeneration of a portion of the semilunar ganglion of
the solar plexus.
Biermer 2 (1872) referred to: weakness, giddiness and palpitation
and also reported capillary hemorrhages in the brain and the retina.
In 1880, Herbert W. Little 3 stated: "The indications of the nervous
affection in this disease are: frequent cephalalgia, vertigo, syncope,
neuralgic pains, dyspepsia, vomiting, diarrhea, mental depression, mus¬
cular weakness, pallor of the skin, reduction or rise of temperature."
The author thought the nervous system the primary seat of trouble
and involvement of the vasomotor system important.
* From the Division of Nervous and Mental Diseases and the Neuro-
pathological Laboratory, University of Minnesota Medical School.
1. Addison, T.: On the Constitutional and Local Effects of Disease of the
Suprarenal Capsule, 1855.
2. Biermer : Progressive pernici\l=o"\se Anaemie, Cor.-B1. f. schweiz. Aerzte
2: No. 1, 1872.
3. Little, H. W.: Progressive Pernicious Anemia, a Disease of the Vaso-
motor System, Med. Rec. 17:313, 1880.
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In 1884, Lichtenstern 4 reported two cases of pernicious anemia in
tabetics. It is probable that these were not cases of tabes but of perni¬
cious anemia. Lichtenstern referred to posterior column degeneration,
but said nothing of sensory changes.
In 1887, Lichtheim 5 reported three cases of anemia; one patient
had stiffness of the legs, a feeling of weakness, paresthesia, ataxia and
the Romberg sign. There was widespread degeneration of the columns
of Goll and Burdach, but of the latter a small rim remained intact.
Foci of degeneration were found in the lateral and anterior columns.
The peripheral nerves were not affected.
In Putnam's 6 (1891) eight cases of system sclerosis, the nerve roots
were more or less altered in the four in which pathologic studies were
made, the anterior somewhat more than the posterior. In all of his
cases, numbness was a pronounced feature, lancinating pains in only
one. One patient complained of a sense of constriction around the chest
and abdomen and that at times she felt "as if her stockings were filled
with pebbles." Objective impairment of muscle sense and diminished
cutaneous sensibility were observed in all but one case.
Dana7 (1891) reported a patient with a sensation of pins and
needles in her heels and queer, indescribable, somewhat painful feel¬
ings in both lower extremities with every change of weather. There
was no cutaneous anesthesia. The posterior roots in the lumbar region
showed decided degenerative changes.
Grainger Stewart8 (1891) reported a case which he believed con¬
formed to the Putnam-Dana type of combined sclerosis. There was
painful tingling in the upper and lower extremities. A year later the
paresthesias were more marked and sensibility was diminished.
Von Noorden ° (1891-1892) found paresthesias in the extremities
and impaired sensibility in the feet, and noted an intact area next the
posterior roots though the posterior columns were greatly degenerated.
4. Lichtenstern, O.: Progressive pernici\l=o"\seAn\l=a"\miebei Tabeskranken,
Deutsch. med. Wchnschr. 10:849, 1884.
5. Lichtheim : Zur Kenntniss der pernici\l=o"\senAn\l=a"\mie,Verhandl. d. Cong. f.
inn. Med. 6:84-99, 1887.
6. Putnam: A Group of Cases of System Sclerosis of the Spinal Cord,
Associated with Diffuse Collateral Degeneration Occurring in Enfeebled Per-
sons Past Middle Life, and Especially in Women; Studied with Particular
Reference to Etiology, J. Nerv. & Ment. Dis. 16: (Feb.) 1891.
7. Dana, C. L.: Subacute Combined Sclerosis of the Spinal Cord and Its
Relation to Anemia and Toxemia, J. Nerv. Ment. Dis. 26:1, 1889; 1891, February
and April.
8. Stewart, Grainger : Notes on a Case Probably Referable to a Recently
Described Form of Spinal Disease, Brit. M. J. 1:1219, 1891.
9. Von Noorden: Untersuchung \l=u"\berschwere an\l=a"\mie,Charit\l=e'\Ann., 1891,
p. 217.
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Eisenlohr 10 (1892) described a case with itching; there was degen¬
eration of the right saphenous nerve and subacute combined degenera¬
tion of the cord.
Minnich " (1892) reported six cases of pernicious anemia, in which
all the patients had objective sensory disturbances, increasing toward
the periphery, such as loss of position sense in toes, lowered pain sensi¬
bility, especially in the peripheral parts, but not so involved as tactile
sense, together with impaired position sense and some impairment of
the sense of pressure over the tibia. The cords in these cases showed
the usual patchy degeneration in Burdach's column and sharply defined
areas of degeneration in Goll's column. The posterior roots and the
peripheral nerves, where examined, were normal.
Nonne12 (1893) reported two cases of pernicious anemia with
numbness of the hands and feet and girdle sensation. In one case the
numbness was present long before the anemia was obvious. There
were some hypalgesia and hypesthesia. In a report13 (1895) of seven¬
teen cases of pernicious anemia with cord changes he noted sensory
disturbances in four. The peripheral nerves were examined in three
and no noteworthy degeneration found. With the Weigert method,
the posterior roots and root entrance zones appeared practically intact,
but with the Marchi method there was some degeneration of the
posterior roots.
Burr14 (1894) stated that though paresthesias are frequent and
delayed or diminished sensation not infrequent, absolute anesthesia
almost never occurs. He comments on the marked discrepancy between
the severe anemia and the normal cord in one case. The peripheral
nerves in one case were normal.
Boedeker and Juliusberger 15 ( 1896) reported the case of a patient
with pain in the entire body, especially the bones, and a sense of dead-
10. Eisenlohr: Ueber prim\l=a"\reAtrophie der Magen- und Darmschleimhaut
und deren Beziehung zu schwerer An\l=a"\mieund R\l=u"\ckenmarkserkrankung,
Deutsch. med. Wchnschr. 49:1105, 1892.
11. Minnich, W.: Zur Kenntniss der im Verlauf der pernici\l=o"\senAn\l=a"\mie
beobachteten spinal Erkrankungen, Ztschr. f. klin. Med. 21:25-60, 264-314, 1893;
22:60-86, 1893.
12. Nonne, M.: Beitr\l=a"\gezur Kenntniss der im Verlaufe der pernici\l=o"\ser
An\l=a"\miebeobachteten Spinalerkrankungen, Arch. f. Psychiat. 25:421-449, 1893.
13. Nonne, M.: Weitere Beitr\l=a"\gezur Kenntniss der im Verlaufe letaler
An\l=a"\mienbeobachteten Spinalerkrankungen, Deutsch. Ztschr. f. Nervenheilk.
6:313-368, 1894-1895.
14. Burr, C. W.: The Spinal Cord Lesion and Symptoms of Pernicious
Anemia, Univ. Med. Mag. 7:472-491, 1894.
15. Boedeker and Juliusberger: Demonstration von R\l=u"\ckensmarksver\l=a"\nder-
ungen bei t\l=o"\tlicherAn\l=a"\mie,Centralbl. f. Nervenheilk u. Psychiat. 7:315-318,
1896.
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ness in the feet. In a second patient there was a feeling of deadness
in the legs, coldness and numbness in the fingers and later a hyper-
esthesia of the entire body and tearing pains in the legs. Three months
later there was disturbance of the muscle sense with practically intact
skin sensibility and two months after that, a feeling of deadness in
the legs with essentially still intact skin sensibility, including tem¬
perature sense. One month later the muscle sense was practically gone.
Skin sensibility was lost up to the neck. There was sclerosis of the
middle root zone but especially of Goll's column and also of a part of
the root entrance zone. The extramedullary roots and peripheral
nerves were intact.
Lloyd's 1(i (1896) patient complained of cold sensations running up
and down his legs, of pricklings in the same regions and of a feeling
of walking on cotton ; also girdle sensations about the abdomen. The
lesion in the posterior columns was about midway between the columns
of Goll and Burdach, extending not quite to the posterior commissure
in front, nor quite to the periphery of the cord behind. The posterior
root zone was not seriously involved. The nerve trunks showed some
change with the Weigert stain.
Bastianelli 17 (1896) reported a group of patients with subacute
combined degeneration symptoms developing first or coincidental with
the anemia, which is of secondary importance. These cases he seems
to set aside from true subacute combined degeneration of pernicious
anemia, but it is probable that in at least some the symptoms of
pernicious anemia would appear later.
Petren 1S (1896) found loss of touch, temperature and muscle sense
in all the extremities, especially the legs, in one of his patients.
Dana10 (1899) referred to the prominent and persistent sub¬
jective sensory phenomena and found diminution of touch, pain and
temperature sense.
Russell, Batten and Collier20 (1900) found girdle sensation and
severe lightning pains to be frequent. Anesthesia of the lower extremi-
16. Lloyd, J. H.: The Spinal Cord in Pernicious Anemia, J. Nerv. & Ment.
Dis. 21:225-235, 1896.
17. Bastianelli, G.: Le sclerosi combinati del midollo spinale nelle anemie
perniciosi, Bull. de roy. Acad. de med. di Roma 22:197-244, 1896-1897; Ref. in
Neurol. Centralbl. 16:78, 1897.
18. Petren, K.: Bidrag till K\l=a"\nnedomenom Ryggm\l=a"\rgsf\l=o"\r\l=a"\ndringarvid
Pernici\l=o"\sAn\l=a"\mie,Nord. Med. Arkiv. 6:71, 1896; Ref. Neurol. Centralbl.
15:747, 1896.
19. Dana, C. L.: Subacute Ataxic Paraplegia and Combined Sclerosis\p=m-\a
Form of Spinal Disease Associated with Lethal Anemia and Toxemia, Med.
Rec. 55:897-902, 1899.
20. Russell, J. S. R.; Batten, F. E., and Collier, J.. Subacute Combined
Degeneration of the Spinal Cord, Brain 22:39-110, 1900.
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ties and lower trunk rapidly becomes absolute and rises segment after
segment.
Billings21 (1902) reported thirty-six cases of subacute combined
degeneration with pernicious anemia, in all of which paresthesia
occurred early. In twenty-four the sensory changes were subjective
only : tingling, numbness, coldness, formication, heat, etc. Hyper-
esthesia occurred in one case. Girdle sensation was present in all
developing spasticity. The subjective symptoms were usually station¬
ary, but disappeared in one case. In some there was complete loss of
Fig. 1 (Case 2).—Third cervical segment cord; Weigert stain.
sense of position even though touch and temperature were only slightly
involved. The column of Lissauer and the posterior roots were intact.
J. M. Clark22 (1904) stated that the most prominent clinical symp¬
toms are paresthesias of various kinds. A common complaint was of
numbness or deadness of the fingers which rendered fine movements
difficult. These paresthesias vary much in intensity during the course
of the illness. Objective disturbance of sensibility is not marked, but
21. Billings, F.: The Changes in the Spinal Cord and Medulla in Pernicious
Anemia, Boston M. & S. J. 147:225-233, 257-263, 1902.
22. Clark, J. M.: On the Spinal Cord Degenerations in Anemia, Brain
28:441-459, 1904.
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in the later stages may consist of some deficient appreciation for all
forms of sensation over the lower extremities. In one case examined
the peripheral nerves were healthy.
Putnam and Taylor 23 (1901) reported some form of paresthesia as
strikingly prominent and usually felt first in the feet and then in the
hands, either in all the fingers alike or in the median or ulnar areas by
preference. The proximal segments of the shoulder or thigh were
at times attacked early, if not first, as occasionally in tabes.
Bramwell24 (1915) insisted particularly on the occurrence of cord
symptoms which may long antedate positive signs of pernicious
Fig. 2 (Case 2).—Twelfth thoracic segment cord; Weigert stain.
anemia—in one about three years. Then rapid destruction of blood
takes place. In one patient there were shooting pains in the legs,
numbness and tingling in the feet and a cold feeling in the knees and
elbows. Bramwell also reemphasized the stocking and glove distribu¬
tion of the sensory loss.
23. Putnam, J. J., and Taylor, E. W.: Diffused Degeneration of the Spinal
Cord, J. Nerv. & Ment. Dis. 28:1-21, 1901.
24. Bramwell, B.: On the Association of Pernicious Anemia with Subacute
Combined Degeneration of the Spinal Cord, Edinburgh M. J. 14:260-276, 1915.
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In 1913 and 1914, J. Déjerine, A. Déjerine, Crouzon and Jumentie,25
were the first clearly to point out the early and marked development ,of
loss of deep sensibility in subacute combined degeneration. In the
first publication, Déjerine divided sclerosis of the posterior and lateral
columns into two groups : ( 1 ) classic tabes complicated with involve¬
ment of the lateral columns. In this type the sensory changes are a
marked alteration of the superficial senses. There is a slowing rather
than a diminution in the intensity of the perception of the latter. There
exists also extensive alteration of deep sensibility. (2) A second
variety of combined sclerosis of subacute course shows no signs of
syphilis, and the condition is rather associated with pernicious anemia.
Fig. 3 (Case 2).—Peripheral nerve; Weigert stain.
There is integrity of all kinds of superficial sensibility, tactile in parti¬
cular, while deep sensibility as shown in sense of position, bone, deep
pressure and stereognosis, is abolished.
The explanation of this variation lies in the difference in the
topography. In the tabetic process, the sclerosis is of radicular origin.
The external part of the column of Burdach, the posterior horn and the
25. D\l=e'\jerine,J.: Le syndrome des fibres radiculaires longues des cordons
post\l=e'\rieurs,Compt, rend. Soc. de biol. 75:554-556, 1913. D\l=e'\jerine,A. and
Mouzon, J.: Contribution a l'etude du syndrome des fibres radiculaires longuesdes cordons post\l=e'\rieursdans l'an\l=e'\miespernicieuse, Rev. neurol. 22:382-388,
1914. D\l=e'\jerine,J. and Jumentie, J.: Un cas de syndrome des fibres radiculaires
longues des cordons post\l=e'\rieurs,suivi d'autopsie, Rev. neurol., ibid., 271-273.
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posterior roots are always involved, and since the external part of
Burdach is the point of passage through the cord of the short fibers
of the posterior roots, conductors of tactile, pain and temperature sense,
these are naturally involved. In subacute combined sclerosis, the
posterior roots and the external part of the column of Burdach are
always intact, and only the long fibers of the columns of Goll and the
adjacent part of the column of Burdach are involved. Since the differ¬
ent kinds of deep sensibility pass only by the long fibers of the posterior
columns, these sensibilities are earliest and most involved in subacute
combined degeneration of the cord. Déjerine has called integrity of
Fig. 4 (Case 2).—Peripheral nerve; Marchi stain.
superficial sensibility with marked disturbance of deep sensibility the
syndrome of the long radicular fibers of the posterior columns.
Cadwalader26 (1916) reported eight cases recently observed by
himself. All complained of subjective disturbances of sensation.
Tactile, pain and temperature sensibility were normal in all but one
case, while vibration sensibility and sense of position were diminished
or lacking in all.
Schaller27 (1918) concluded that "the cord changes in combined
sclerosis are pseudo-system degenerations of toxic type." He explains
26. Cadwalader, W. B.: Diagnosis of Subacute Combined Sclerosis of the
Spinal Cord Associated with Pernicious Anemia, J. A. M. A. 66:2035-2036, 1916.
27. Schaller, W. F.: Spinal Cord Changes in Combined Sclerosis, California
State J. M. 16:44, 1918.
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the early involvement of deep sensation and the conservation of super¬
ficial sensation by the localization of the lesions.
Woltmann 2S (1919) reported 150 cases of pernicious anemia from
the Mayo Clinic. Vibration or joint sensibility was impaired in 92 per
cent, of the patients showing involvement of the nervous system,
whereas superficial sensibility was impaired in only 42.4 per cent, of
their cases.
SENSORY PHENOMENA
Frequency of Sensory Phenomena in Pernicious Anemia.—Authors
vary widely in their opinions. McCrae 20 reported forty cases of per¬
nicious anemia; ten patients showed nervous manifestations by exam¬
ination, but only four complained of definite nervous troubles.
McPhedran 30 found symptoms of disease of the nervous system in nine
out of twenty-two patients and Woltmann in 80.6 per cent, of his 150
patients.
Fig. 5 (Case 3).—Seventh thoracic segment cord; Weigert stain.
Subjective Sensory Phenomena.—Subjective sensory disturbances
are so common and so pronounced in subacute combined degeneration,
as seen by the foregoing, that they have come to be looked on as most
important diagnostic phenomena, and by some are considered so char¬
acteristic as almost in themselves to constitute a sufficient basis for
diagnosis. The most frequent sensory disturbances are : tingling,
numbness, sensation of deadness, stiffness, tightness, heat or cold or of
something trickling or creeping and shooting pains.
28. Woltmann, H. W.: Nervous Symptoms in Pernicious Anemia, Am. J. M.
Sc. 157:400 (March) 1919.
29. McCrae, T.: Pernicious Anemia. The Statistics of a Series of Forty
Cases, J. A. M. A. 28:148-150, 1902.
30. McPhedran, A.: Observations on the Nature and Treatment of Perni-
cious Anemia, Lancet 1:148-150, 1902.
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These sensations are at first on the periphery of the limbs, usually
in a stocking and glove fashion, more rarely in a nerve root distribu¬
tion. They have been reported as appearing in the tongue. Subse¬
quently they spread toward the trunk, and are followed at a variable
interval by sensory loss.
Objective Sensory Phenomena.—From the time of Putnam 6 (1891)
objective sensory phenomena have been noted, but there is little specific
information as to the type of sensory loss, until the report of Minnich,11
who states that there is a lowering of all forms of sensibility, increasing
toward the periphery, with tactile sense more involved than pain and
with sense of position lost in the toes. Later observers reported various
Fig. 6 (Case 3).—First lumbar segment cord; Weigert stain.
degrees of anesthesia and analgesia, loss of sense of position and
impaired localization.
Russell, Batten and Collier 20 spoke of a considerable loss of sensi¬
bility of all forms in the legs and lower part of the trunk with sense
of passive position lost in the lower extremities and much impaired in
the hands. Other forms of sensibility were impaired equally and in an
increasing degree. Anesthesia of the skin was always peripheral first,
appearing over the feet and hands, but as it gradually extended upward
it became segmental in distribution, and its upper limit on the trunk
was always a segmental limit, sharply defined. The highest level they
observed was the upper limit of the sixth cervical root area. In its
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progress upward it may be limited for a long time to a certain seg¬
mentai level and then suddenly encroach for several segments higher
and over the newly involved area may show marked fluctuations in its
progress to complete anesthesia. Anesthesia dolorosa and delay
amounting to as much as fifteen seconds have been encountered. The
lower lumbar and the first sacral areas were always affected before the
lower sacral and upper lumbar areas, and the lower cervical segments
before the upper thoracic segments. They state that microscopically
even in extreme cases there is a narrow band of normal tissue just
inside the posterior horns and that the column of Goll is more affected
than that of Burdach.
Fig. 7 (Case 3).—Second lumbar segment cord; Weigert stain.
Gordon 31 reported a case with a sensory syringomyelic dissociation
in the upper extremities.
Foster Kennedy 32 reported a case with some diminution of pain and
tactile sensation of irregular distribution on the legs. Temperature
sense and deep muscle pain sense were normal, but there was marked
loss of sense of position in feet and hands.
Hyperthesia has been noted occasionally, among others by
Boedeker and Juliusberger,15 Billings,21 Nonne,12 Minnich,11 and
31. Gordon, A.: Histological Changes of the Spinal Cord in Pernicious
Anemia Apropos of a Case with Diffused Degeneration, New York M. J.
90:8-12, 1909.
32. Kennedy, Foster : Subacute Combined Degeneration of the Spinal Cord
Associated with Anemia, Med. Rec. 84:84, 1913
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Thompson.33 In one of our cases there was marked hyperesthesia
throughout a period of two years; the patient objected strenuously to a
blanket on her feet and legs. During an attack of anasarca, this hyper¬
esthesia disappeared and did not return.
RELATION OF SEVERITY OF BLOOD PHENOMENA TO NERVOUS PHENOMENA
Lack of parallelism in the severity of the blood and nervous
phenomena has been noted by many writers. On the basis of this lack
of congruence, Bastianelli 17 divided his cases into two groups. In the
first group anemia is the predominating symptom, the cord symptoms
Fig. 8 (Case 3).—Posterior roots; Marchi stain.
developing later and in mild degree. In the second group nervous
symptoms develop first or coincidently with the anemia, and the nervous
symptoms predominate throughout.
J. M. Clark22 said the anemia may (a) precede the cord changes;
(b) it may accompany them from the first, and proceed pari passu with
them ; or (c) it may appear late in the course of the cord affection, and
his statement is supported by the cases of a few other writers.
33. Thompson, T.: A Case of Combined Degeneration of the Spinal Cord
Demonstrating the Nature of Afferent Impulses in the Posterior Columns,
Brain 34:510, 1911-12.
Downloaded From: http://archneurpsyc.jamanetwork.com/ by a University of Pennsylvania User  on 06/16/2015
Siemerling34 reported a case in which there was improvement
in the blood picture with simultaneous progression of the cord
involvement.
While receiving high caloric feeding the hemoglobin of one of our
patients (W. G.) rose from 40 to 80 per cent, and the red cell count
from 1,080,000 to over 3,000,000. This man previously had shown no
impairment of vibration sense, yet during this improvement in the
blood, accompanied by improvement in all his symptoms except the
subjective sensory disturbances, he showed diminished appreciation of
vibration for the first time.
Fig. 9 (Case 4).—Peripheral nerve; Marchi stain.
INCONGRUENCE OF PATHOLOGIC AND CLINICAL FINDINGS
A similar lack of parallelism at times appears between the extent
of the pathologic changes and the severity of the symptoms. Minnich
and Nonne offer, as a partial explanation of this disharmony, the special
location of the lesions in the posterior columns.
One of our patients (U. H. No. 12082), with a severe anemia,
paresthesia and absence of vibration sense in the toes and marked
impairment in the malleoli, showed no definite findings in the cord ;
the peripheral nerves, however, were distinctly involved. In another
patient (U. H. No. 13141) with severe anemia, some numbness and
34. Siemerling, E.: R\l=u"\ckenmarkserkrankungenund Psychose bei pernici\l=o"\ser
An\l=a"\mie,Arch. f. Psychiat. 45:567-594, 1909.
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tingling in the feet and with vibration sense lost in the toes and much
impaired in the malleoli, there was no change in the cord except a
possible pallor along the dorsal septum, but there was marked degen¬
eration of the peripheral nerves.
OPTIC NEURITIS
Optic neuritis is referred to by many writers, but either is not fre¬
quently sought or is not often present. It occurred only once in fifty-
eight of Collier's cases, and even in this instance was probably of
syphilitic origin. However, von Noorden and others have reported
eyeground change of some sort as occurring frequently in severe
anemias. Additional cases of optic neuritis are reported by Boedeker
and Juliusberger,15 Russell,35 Hawthorne,36 Bramwell3T and Wolt-
Fig. 10 (Case 5).—Eleventh thoracic segment cord; Weigert stain.
mann.28 Bielschowsky found changes in the optic nerve in two cases.
Schroeder found hemorrhage near the macula lutea in one case and
Bastianelli17 found optic nerve atrophy, confirmed at necropsy, in a
case of pernicious anemia with spinal sclerosis ; in the same case the
posterior roots were intact. Putnam and Taylor 23 found optic atrophy
in two and probably three out of fifty cases.
35. Russell, R.: The Relationship of Some Forms of Combined Degeneration
of the Spinal Cord to One Another and to Anemia, Lancet 2:4, 1898.
36. Hawthorne, C. O.: An Address on the Cerebral and Ocular Complica-
tions of Anemia and the Probable Relationship of these to Thrombosis, Lancet
2:857-863, 1908.
37. Bramwell, Byron: Remarks on a Case of Subacute Combined Degenera-
tion of the Spinal Cord Simulating Disseminated Sclerosis, Brit. M. J.
6:1396, 1910.
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THE PERIPHERAL NERVES
In most of the cases reported it is evident that the peripheral nerves
have been studied either insufficiently or not at all. When studied the
results have varied greatly.
Lichtheim 5 reported the peripheral nerves intact.
Von Noorden,38 in 1892, stated that the alterations resembled those
of a multiple neuritis with carcinoma. In his case, the crural nerve
showed no definite changes but both tibiáis were markedly degenerated,
two-fifths to three-fourths of the nerve fibers showing changes.
Nonne 13 particularly notes that the posterior roots were practically
intact. In three of his cases the peripheral nerves were studied and
showed no noteworthy degeneration.
Fig. 11 (Case 7).—Eleventh thoracic segment cord; Weigert stain.
Burr 14 reported in one case slight degeneration in the posterior
roots, but Lissauer's zone and the peripheral nerves were intact.
Bowman,39 Billings,21 Hughes and Spiller 40 found Lissauer's zone and
the posterior roots intact, Rothmann41 found slight degeneration in
38. Von Noorden, Carl: Untersuchung \l=u"\berschwere An\l=a"\mie,Charit\l=e'\
Annalen, 1892, p. 217.
39. Bowman, H. M.: On the Association of Diseases of the Spinal Cord
with Pernicious Anemia, Brain 17:198-213, 1894.
40. Hughes, W. E. and Spiller, W. G.: Report of a Case of Pernicious
Anemia with Changes in the Spinal Cord, J. Nerv. & Ment. Dis. 28:573\x=req-\
574, 1901.
41. Rothmann, M.: Die prim\l=a"\rencombinierten Strangerkrankungen des
R\l=u"\ckenmarks,Deutsch. Ztschr. f. Nervenkrankh. 7:171-262, 1895.
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places in the posterior roots. Boedeker and Juliusberger 15 found the
extra medullary roots and the peripheral nerves intact though there was
some degeneration of the root entrance zone. Lloyd 16 found some
changes in the nerve trunks, the fibers not staining evenly with
Weigert's method.
Russell, Batten and Collier 20 found that usually Lissauer's tract
appears normal. Various peripheral nerves were examined and, though
usually normal, occasionally slight changes were found with the Marchi
or Weigert-Pal method. In one case, however, there was considerable
degeneration in both the larger and smaller nerve fibers, interpreted
as of late origin.
Fig. 12 (Case 8).—First lumbar segment cord; Weigert stain.
Putnam and Taylor 23 studied pathologically five cases, in all of
which the patients had distinct sensory disturbances. In all there were
relatively insignificant changes in the posterior roots, which the authors
interpreted as local nutritive disturbances. Brown, Langdon and Wolf-
stein 42 stated that "probably Lissauer's zone is intact. In the dorsal
and cervical levels the entering posterior root bundles appear slightly
involved." Homen43 found the posterior roots usually free though
slight changes may appear with the Marchi stain. In the peripheral
nerves few or no changes were found.
42. Brown, M. A.; Langdon, F. W., and Wolfstein, D. I.: Combined Sclerosis
of the Lichtheim-Putnam-Dana Type Accompanying Pernicious Anemia, J. A.
M. A. 36:552-554, 1901.
43. Homen, A.: Des l'\l=e'\sionsnon tab\l=e'\tiquesdes cordons post\l=e'\rieursde la
mo\l=e"\lle epini\l=e'\re,Rev. neurol. n. s. 8:930-941, 1900.
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Henneberg44 (Lewandowsky) believed that the anterior and pos¬
terior roots are intact. The numerous black dots at the root entrance
zone, exceptionally seen in Marchi preparations, are looked on as post¬
mortem alterations. Bramwell24 believed absence of lesions in the
peripheral nerves to be characteristic.
In our own cases, we have tried to distinguish clearly between
changes in proximal nerve trunks and in more distal nerves, but we
have avoided small nerves of the extreme periphery on account of the
difficulty in determining the presence of changes. As far as possible,
we have drawn our conclusions from observations on the anterior
tibial studied with the Weigert, Marchi and Bielschowsky methods. We
believe that degeneration in the true peripheral nerves may be apparent
Fig. 13 (Case 8).—Peripheral nerve; Marchi stain.
with the Marchi method when Weigert preparations show nothing, and
that the Marchi changes are not of agonal or postmortem origin. The
peripheral nerves were studied in seven of the ten cases reported at
some length. The Marchi method showed definite degeneration in
Cases 1, 2, 3, 4, 8 and 9. The Weigert method gave similar results in
Cases 2, 3, 4 and 6, and in Case 1 the nerves stained somewhat irregu¬
larly, which may be interpreted as possible evidence of beginning degen-
44. Lewandowsky: Handbuch der Neurologie, Berlin, Spezielle neurologie 2,
3:99, 1910.
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eration. A Marchi stain was not made in Case 6, and no peripheral
nerves were obtained in Cases 5, 7 and 10.
In two of these cases Lissauer's tract was extensively involved ; in
two cases the root entrance zone was definitely involved on one or both
sides, and in two other cases the degeneration was less distinct but
fairly definitely shown by the Weigert method.
RELATION OF SPLENECTOMY AND OTHER FORMS OF TREATMEN 1 AND
CF REMISSIONS IN THE BLOOD PICTURE TO THE
NEUROLOGIC PHENOMENA
Russell, Batten and Collier 20 note "the absence of any improvement
of the nervous symptoms under treatment. From the first appearance
of the disease to the fatal event, the tendency was for the symptoms to
Fig. 14 (Case 8).—Posterior roots; Marchi stain.
increase, sometimes halting, sometimes progressing rapidly, but never
showing any remission." This is the experience of McPhedran,30
Decastello 4r> and Bloomfield except that the last author noted slight
improvement in one case.
Three of our own patients had splenectomy performed. In one,
following the operation, there was distinct advance in all the neurologic
signs, including increase in the extent of the paresthesias and touch,
45. Decastello, v. A.: Pernici\l=o"\seAn\l=a"\miemit tabeformer R\l=u"\ckenmarks-$
ver\l=a"\nderungenund diffuse Sklerodermie, Ztschr. f. d. ges. Neurol. u. Psychiat.
5:566, 1914.
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joint and vibration blunting. The other two patients showed transient
improvement both of blood and sensory disturbances.
Though sensory changes in our cases have usually been little altered
during remissions in the blood condition we cannot agree that the
nervous symptoms never improve. In one case, not reported in our
present series, a physician showed marked sensory changes, both sub¬
jective and objective, for eighteen months before there was a distinctive
blood picture of pernicious anemia. Subsequently he became so ill that
he was confined to his bed for several months with loss of patellar and
Achilles' reflexes and practically total loss of touch, pain, temperature,joint and vibration sensibility in the feet and legs and considerably less
marked changes in the hands. Later his condition improved, and he
Fig. 15 (Case 9).—Second thoracic segment cord; Weigert stain.
returned to practice for a year. During this time his blood became
almost normal, as did his appreciation of touch and pain stimuli with
definite improvement in vibration sensibility and sense of position.
After about twelve months the condition of the blood became much
worse, his sensory disturbances reappeared, and he died within a short
time. Though this is the most striking case in our experience of a
remission in the sensory symptoms, in several other cases there was at
times a distinct betterment in the course of the disease, capable of
demonstration by objective methods. If our contention in reference to
the occurrence of peripheral nerve changes be true, it is to be expected
that there would be periods of improvement in the sensory findings in
some cases.
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PHYSIOLOGY OF SENSATION AND CORRELATION CF SENSORY AND
ANATOMIC FINDINGS
As a basis for possible correlation of the anatomic and sensory
findings, we briefly summarize the present views on the sensory tracts
of the cord.
Two paths are open to touch : one through the uncrossed exogenous
fibers of the posterior columns, another through the opposite anterior
segment of the ascending anterolateral column. Impulses arising from
painful and thermal stimuli enter the cord in short root fibers and are
transmitted to the optic thalamus by fibers of the posterior segment of
the ascending anterolateral column (tractus spinothalamic et tectalis).
Fibers for the sense of position and movement (Head and Thomp¬
son), vibration (Egger), stereognosis, tactile discrimination (compass
Fig. 16 (Case 9).—Seventh thoracic segment cord; Weigert stain.
test) and appreciation of weight (Head and Holmes, Déjerine, Page
May, Sherrington) pass by way of the homolateral dorsal columns.
Deep unconscious sensibility (afferent impulses underlying muscle
coordination and reflex muscular tone) is transmitted to the cord by
'short and median root fibers, receives collateral stimuli from long root
fibers (Déjerine), and passes homolaterally in Gowers' tract and
hereterolaterally in the direct spinocerebellar tract.
Déjerine states that "as to deep conscious sensibility (vibration,
stereognostic and weight sensations, bone sensibility and tactile dis¬
crimination) it follows the course of the long root fibers of the posterior
columns of the cord and enters its secondary pathway only at the
level of the neck of the medulla."
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Petren puts forth the theory that there is a double pathway in the
cord for the sense of passive position; one in the posterior column, the
other in the homolateral dorsal cerebellar tract. He believes that one of
these pathways may be abolished without marked disturbance of passive
position sense. From the clinical and pathologic study of a case,
Thompson concludes that a complete lesion of the long fibers of the
posterior column of the spinal cord results in a loss of the sense of
passive position, ataxia, and loss of discrimination of points and
weights. Localization of touch is little affected. This result agrees
with the experiments of Page May. Painful, thermal, and tactile
impulses can ascend the cord, although the posterior columns are degen¬
erated. The evidence derived from Thompson's case is at variance
Fig. 17 (Case 9).—Twelfth thoracic segment cord; Weigert stain.
with the view of Petren that a lesion of the posterior column does not
produce loss of passive position sense unless the dorsal spinocerebellar
tract in the same half of the spinal cord is likewise affected.
A comparison of the objective sensory with the postmortem findings
in ten selected cases of our series gives these results :
Case 1 (J. B.L—Vibration sense was impaired in the fingers and was absent
in the feet and ankles. Position sense was normal. Sense of touch was dimin¬
ished in the tips of the fingers. Superficial pain sense was normal. The cord
showed a slight lateral change at the periphery and a slight change along the
dorsal groove. There was some degeneration of the anterior and posterior roots
and involvement of the peripheral nerves.
Case 2 (S. H.).—Vibration was impaired in the hands and absent in the feet
and legs. Position sense was not noted. Sense of touch was diminished in
the feet, legs and hands. Sense of pain was much impaired in the feet and
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legs and less so in the hands. The cord showed marked degeneration in the
posterior and lateral columns. Lissauer's zone was much involved, and there
was extreme degeneration of the peripheral nerves (Figs. 1, 2, 3, 4).
Case 3 (M. P.).—Vibration sense was absent in the feet and legs. Touch,
superficial pain and position sense were all normal. There was marked change
in the posterior and lateral columns, the lesions in the posterior columns being
mostly "patchy." There was marked degeneration, shown by the Marchi method,
of the posterior and anterior roots and the peripheral nerves (Figs. 5, 6, 7, 8).
Case 4 (A. H.).—Vibration sense was absent in the feet. Sense of touch,
pain and position were normal. The only change in the cord was a possible
pallor along the dorsal groove. The peripheral nerves showed marked degen¬
eration (Fig. 9).
Fig. 18 (Case 9).—Peripheral nerve; Weigert stain.
Case 5 (W. M.).—Vibration sense was not recorded. Position sense was
absent in the toes. There was slight diminution of touch and pain sensation in
the feet. There was marked change in the anterior, posterior and lateral
columns of the cord. Some degeneration of the root entrance zone had
occurred. The peripheral nerves were not available (Fig. 10).
Case 6 (A. R. S.).—Vibration sense was not tested. Position sense was
absent in the feet and diminished in the hands. Touch and superficial pain
sensation were slightly impaired in the feet and hands. The cord showed old
sclerosis in Goll's column with patchy lesions in Burdach's column ; there were
both old and recent degeneration in the lateral columns and definite degeneration
of the peripheral nerves.
Case 7 (H. W. L.).—Vibration sense was absent in the feet and legs. There
was slight impairment of position sense in the toes. Anesthesia and analgesia
of feet, hypesthesia and hypalgesia of the hands and legs were present. There
was a sclerotic patch in the middle of one of the posterior columns ; a slight
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change had occurred in the other posterior column ; there were practically no
lateral changes. The peripheral nerves were not available (Fig. 11).
Case 8 (N. H.).—Vibration sense was absent below the midthoracic region
and absent or much impaired in the hands. Position sense was absent in the
toes. Sensation of touch was impaired in the feet. Pain sense was normal.
There was degeneration in both lateral and posterior columns. The sciatic
nerve showed some degeneration (Figs. 12, 13, 14).
Case 9 (H. S.).—Vibration sense was not recorded. Position sense was
absent in the feet. There was slight hypesthesia in the toes. The cord showed
a slight change in the lateral columns, at the extreme margin, with circumscribed
sclerosis in the posterior columns. Degeneration was evident in the anterior
and posterior roots and in the peripheral nerves (Figs. 15, 16, 17, 18, 19).
Fig. 19 (Case 9).—Posterior roots; Marchi stain.
Case 10 (A. P. M.).—Vibration sense was absent below the twelfth thoracic
segment and much impaired in the hands and arms. Position sense was absent
in the fingers, toes and feet. Touch and superficial pain sense were normal.
There were a few ballooned fibers in the lateral columns and considerably more,
rather diffusely scattered, in the posterior columns with an old sclerotic patch
in the middle of each posterior column. The roots were uncertain. The
peripheral nerves were not available.
Vibration sense was absent in seven of these cases, and three tunes
it was not recorded. Of these seven, the posterior columns showed
slight sclerosis in three, marked sclerosis in three and practically none
in one. Of those showing slight sclerosis in the posterior columns, the
lateral columns were normal in one and slightly involved in two. In
the three patients with marked posterior sclerosis, the lateral columns
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were similarly affected. The cord with practically no lesions in the
posterior columns showed no change in the lateral columns.
In each instance except one, in which vibration sense was impaired
or lost, the changes in the cord afforded a more or less adequate
explanation in keeping with Déjerine's view. In this one instance a
marked peripheral neuritis was present, subjective sensory phenomena
were abundant and most unpleasant, and there was impairment of touch
sensibility in the fingers, but pain and joint sensibility remained normal,
and it is difficult to explain the extreme and selective loss of sense of
vibration on the ground of peripheral nerve disturbances alone. In one
instance (Case 7, Fig. 11) with marked loss of vibration in feet and
legs there was a small clearly circumscribed patch in one posterior
column, a less marked change in the other posterior column and prac¬
tically no lateral change. It may be assumed in this case that the lesion
in the posterior columns corresponds to the point of passage of the
fibers conducting vibration sensibility.
Position sense was absent in five cases, impaired in one, normal in
three and not recorded in one. In all of the five cases, there was
marked degeneration of the posterior columns and in three of these the
lateral columns were also much degenerated. In the remaining two the
lateral columns were only slightly involved, and it would seem that, if
joint sensibility were partly carried in the lateral columns, it would not
have been wholly lost, as was true in these two cases. In the one case
with impaired position sense, the posterior columns showed slight
changes with slight lateral changes. Of the three cases in which posi¬
tion sense was intact, in one case the posterior columns showed numer¬
ous patches of sclerosis with more or less normal tissue between and
marked change in the lateral columns (Figs. 5, 6, 7). The remaining
two showed little change in the lateral columns and slight diffuse
change in the posterior columns. In the one case, then, with impairedjoint sensibility and in two of the three with normal sensibility the
condition in the posterior and lateral columns was such as to indicate
only a partial loss of function; these cases therefore do not throw
any satisfactory light on the problem of the point of passage of the
fibers carrying sense of passive position.
Superficial pain sense was absent in one patient who had a sclerotic
patch in the middle of one posterior column and slight changes in the
opposite posterior column and in the lateral columns. No peripheral
nerves were available. Pain sense was markedly involved in one case
with extensive sclerosis in the lateral and posterior columns. The two
cases with slight hypalgesia of the feet both showed marked sclerosis of
the lateral columns as well as of the posterior columns. In the four
cases with no impairment of superficial pain sense the posterior and
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lateral columns were normal in one instance. In a second instance
there was slight change in the lateral columns with moderate involve¬
ment of the posterior columns and in the other two both posterior and
lateral columns were more or less markedly degenerated.
Cotton touch was lost in one case showing only slight change in
the lateral columns and in one posterior column and a small patch in
the opposite posterior column. It was impaired in three cases of which
one showed slight change in the lateral columns and along the dorsal
groove and two showed marked degeneration in the lateral and dorsal
columns. There was slight impairment in three cases, two of which
had marked sclerosis in the lateral and posterior columns, and one had
slight degeneration at the extreme lateral margin and a small patch in
the posterior columns. Three cases had no involvement of touch sense,
the cord being practically normal in one case, the lateral columns show¬
ing slight involvement and the posterior showing moderate sclerosis in
the second, and in the third both lateral and posterior columns were
extensively involved.
CLINICAL ANALYSIS
The following clinical analysis is based on the study of forty-one
cases. As the completeness of the study varied in different instances,
the tables do not always cover the full number of cases.
TABLE 1.—Clinical Phenomena
Age at Onset
Years Cases
26-30 1
31-35 3
36-40
. 6
1-45. 7
46-50 11
1-55. 4
56-60 2
1-65. 4
66-70 2
1-75. 1
Past Illness.—Under this heading nothing significant was
ascertained.
TABLE 2.—Duration of Illness
Cases
6 months orless.3
7 months to 1 year.12
2 years or less.
3 years or l s.··. 6
4 years orl s 2
5 years or less.
 .
1
6 years orl s 1
Early Symptoms.—The histories were taken by various interns, and
although they may have erred in not obtaining all the early symptoms,
they were at least free from any preliminary bias.
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TABLE 3.—Early Symptoms
Cases
General weakness .11
Paresthesia or numbness.··. 2
Paresthesia or numbness and general weakness combined.
...
14
Irritative signs, such as pain and soreness 8Sharp pain 5
It has been our experience that many patients do not distinguish
clearly between motor and sensory phenomena in using the term weak¬
ness or numbness and on this account the statistics appearing in the
foregoing are not altogether reliable.
Complaint on Admission to Hospital.—This was more or less sim¬
ilar to the early symptoms.
TABLE 4.—Symptoms on Admission to Hospital
Cases
Weakness.12
Paresthesia or numbness. 3
Paresthesia or numbness and weakness .27
Irritative signs.10
Constipation.· .. 6
Urinary incontinence 6
Bowel incontinence. 1
Shortness of breath 9
Pain in a domen.. 7
Irritative phenomena differed. One patient complained of tender¬
ness on pressure over both hands ; another, of aching pains. One
patient complained of pains in the lower extremities and of a sensation
of cold in both upper and lower extremities, and one of rheumatism;
one patient complained of continuous tinnitus over a period of two
years and one of noises in the head. Another spoke of cramps and
pains in the legs and feet.
Subjective Sensation.—The most common complaint was tingling
and numbness. This was confined to the hands twice and the feet once,
and was present in both hands and feet nineteen times. Pain was
complained of in the hands and legs five times, in the arms and legs
twice and in the arms alone not at all. A band sensation was described
twice. Many times the patient found great difficulty in describing the
sensation. One physician in particular, who was under observation for
over three years, often referred to his sensations and would generally
end by saying that it was a queer feeling which he could not accurately
describe. One patient spoke of a feeling of "fine gravel in the hands
and feet which she would like to pick off." Another spoke of "creepy,
crawling feelings" and at times of a "sensation like sand." Another
time she said her hands did not "feel right" and in further explanation
added : "I can't describe that feeling—a week ago it was different, it
was feverish and not stiff like now."
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A third patient spoke of "a sort of roughness that came on as
weakness." Another spoke of "a roughness—a bad feeling as if the
muscles and nerves were wires, as if they were dry." A feeling like
electricity passing through the body or hands and arms was often
complained of. A sensation like needles so that it was painful to pick
up objects was frequent. Some mentioned a wooden feeling in the
fingers. One said his fingers felt as if they were made of glass, and
that when he tried to pick up something he would be unable to hold it
because he could not feel the object in his grasp. One man said it was
difficult to tie his shoe strings because his "fingers did not seem to
know where they were," and still another spoke of the difficulty or
impossibility of buttoning his clothes because of the "sticking" feeling
in his fingers.
A patient recently treated (W. G.) had had numbness in his hands
and feet for twenty-two months. At the present time his fingers feel
as if "they were crusted due to a burn with hot sand." When he touches
anything with his fingers or toes a feeling of electricity seems to go
through his body.
Objective Sensation.—Most of the sensory tests were made with a
wisp of cotton, a pin with a sharp point and a spherical head and a
tuning fork (256C). Deep pain sensibility and joint sensibility were
also tested.
TABLE 5.—Cotton Touch
Cases
Hypesthesia of hands and arms. 6
Hypesthesia of feet andleg . 4
Hypesthesia of arms and legs.10
Anesthesia of hands and arms. 2
Anesthesia of feet andleg . 6
Normal to cotton touch..10
Not tested. 5
Hyperesthesia was present in four instances. Two of the patients
suffered greatly from spontaneous pain, the other two did not. One
patient showed hypesthesia from the second intercostal space to the
lower costal margin. Sensation was normal in the abdomen and
hypesthesia was present in the legs. Such diminution of sensation as
was present varied from the slightest changes which were distinguished
with great difficulty to those in which absolute anesthesia was present.
These.higher grades of diminution, however, did not go above the
fingers or toes except in one instance in which there was practically no
sensation up to the twelfth thoracic segment.
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TABLE 6.—Pin Prick
Cases
Hypalgesia of hands andarms. 3
Hypalgesia of feet and legs.··. 3
Hypalgesia of both .13
Analgesia oftoes. 1
Hyperalgesia of hands and f et. 4
Hyperalgesia of varying degrees of fifth cranial nerve. 7
No loss of sensibility to pin prick.10
Not carefully tested.. 9
Hypalgesia was present from the second intercostal space to the
lower margin of the ribs in one case, as was true of the hypesthesia but,
unlike the latter, it did not reappear in the legs. One patient spoke of a
"burning sensation lasting several seconds" after being tested with the
pin point.
Like hypesthesia, hypalgesia was usually present only in the fingers
and toes, but in a fair number of instances it was present in the hands
and feet as well, and in a few instances the patient would repeatedly
miscall sharp and dull over any part of the extremities.
TABLE 7.—Vibration Sensibility
Cases
Diminished in upper extremities 9
Diminished in lower extremities.··. 1
Diminished in both upper and lower extremities. 2Absent in upper extremitiesonly. 0Absent in lower extremities l . .20Absent in both upper and lower extremities. 3Normal in both upper and lower extremities. 5
Not examin d. 8
Unlike the sensibility to touch and pain, vibration sensibility, when
impaired, was greatly diminished or lost in practically every case over
wide areas. In one instance vibration sensibility was found present
throughout several examinations in a man who had been ill ten months.
Subjectively, he complained of pain in the lower part of his legs and
of numbness extending to the elbows and hips. He remained at the
hospital nine months, and in the course of this time his subjective
sensory trouble became distinctly worse. In all his examinations there
were definite impairment of touch sensibility and slight impairment of
pin prick. Position sense was present in the fingers and toes at first,
but two months after admission it was lost in the toes.
As our table shows, vibration sensibility was very much more
impaired in the lower than in the upper extremities. It was wholly
absent twenty times in the lower extremities only, three times in both
upper and lower extremities, and in no case in the upper extremities
alone. How far upward the loss of vibration sensibility extended we
are unable to say with any degree of accuracy. In most of our cases it
was absent as far up as the malleoli and many times over the tibia, the
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patella and even higher up. It is worthy of note that in some cases
vibration sensibility was absent in one malleolus and present in the
other, as Minnich found in one case in reference to superficial pain
sense. Vibration sense was lost, therefore, in the upper or lower
extremities or in both in twenty-three cases out of forty-one.
TABLE 8.—Position Sense
Cases
Sense of position absent intoes. 9
Sense of position impaired in to . 9
Sense of position normal in toes.11
Sense of position not tested.12
Judged by our statistics, impairment of the sense of position is by
no means so common as loss of vibration sensibility and is hardly more
common in our records than diminution or loss of sensibility for touch
or pain. We believe that loss of sense of position is less common in
the fingers than in the toes. In one case (C) both vibration sense and
sense of position were greatly impaired in the toes, whereas both were
normal in the fingers. It is rather notable in this case that subjective
sensory troubles were confined to the lower extremities. In a second
case sense of position was normal in the fingers and slightly impaired in
the toes. Vibration sense was absent in the toes, but not noted in the
fingers. In this case the sensory trouble appeared in the hands pre¬
vious to its appearance in the feet. In a third case sense of position
was lost in the toes in the course of our observation of the patient,
though the vibration sense remained at all times present. This patient
had definite Subjective sensory trouble in both hands and feet and a
hypesthesia and hypalgesia of both.
Astereognosis was noted in three of our cases, but the study was not
pursued sufficiently far to enable us to draw any conclusions.
Deep muscle pain sensibility was not carefully studied, but in thir¬
teen instances it was noted as normal in the calves, three times increased
in the calves and twice impaired, and twenty-three times it was not
examined.
A CLINICAL ANALYSIS OF TEN CASES
We have selected ten cases from our series, in which the neurologic
examination was more or less complete, for the study of the relative
frequency of the sensory findings. These cases were chosen on account
of the completeness of the study and not because of the presence of
neurologic findings, though it is probable that the presence of many
neurologic phenomena would lead to the more complete study of any,
given case.
Subjective Sensory Disturbances.—Paresthesias were present in all
theïe cases—in eight they occurred early, either alone or combined with
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weakness or gastro-intestinal disturbances. With few exceptions, the
subjective sensory disturbances were present constantly and in greater
or lesser degree.
Objective Sensory Phenomena.—Vibration sense was impaired or
absent in the lower extremities alone three times and in both arms and
legs five times ; there was no impairment in two cases.
Position sense was lost in four of these ten cases; it was impaired
in two ; slightly diminished in one, and normal in three. It was absent
or much impaired in four cases in which vibration sense was also
absent, but was normal in three cases and slightly impaired in one case
in which vibration sense was lost.
Touch, as tested with cotton, was normal in two cases, slightly
impaired in two, and greatly diminished or absent in five cases. Twice
there was hyperesthesia.
Superficial pain sense, as tested with a pin, showed no involvement
in four patients, slight diminution in one and was much impaired or
absent in four cases. In one instance there was definite hyperalgesia.
To summarize : One hundred per cent, of the patients had sub¬jective sensory disturbances, 80 per cent, showed loss of vibration
sense over several or more bony prominences, and 70 per cent, showed
definite involvement of position sense in the toes. Touch sense was
diminished or absent in some areas in 70 per cent, and superficial pain
sense in 50 per cent, of the patients.
In one case in which vibration sense was later absent in both feet and
hands, it was present during the first part of the patient's stay in the
hospital at a time when position sense was completely lost in the toes.
CONCLUSIONS
Changes in the nervous system occur in pernicious anemia in 75 to
80 per cent, of the patients as they present themselves in the ordinary
physician's practice.
The frequency of these changes is ordinarily underestimated, due to
lack of care in the neurologic examination, or even to lack of any neuro¬
logic examination.
Subjective sensory disturbances constitute the earliest and most
frequent evidence of involvement of the nervous system.
These, with the objective signs also, are often the earliest evidence
of the development of pernicious anemia.
The most characteristic sensory findings are the relatively greater
loss of deep as compared with superficial sensibility, but there is by no
means normal sensibility to touch, prick and other forms of superficial
sensibility.
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Almost equally as characteristic as the change in deep sensibility, is
the complaint of subjective sensory disturbances. Their constancy,
their steady progress and symmetrical location in stocking or glove dis¬
tributions, the inability of the patient to describe them in definite terms
and the great distress without ordinarily actual pain to which they give
rise, is rarely if ever found in any other clinical condition.
There is a distinct lack of parallelism between the severity of the
blood and nervous phenomena, and either may precede the other by a
long period of time. Moreover, marked remissions in the blood picture,
either with or without splenectomy, may fail to show a betterment in
the sensory disturbances equal to that in the blood, and may show none
at all.
A similar disharmony may exist between the sensory changes and
the postmortem findings in the cord, so that an essentially normal cord
may be found in a person who had shown marked sensory disturbances
both subjective and objective.
Contrary to the generally expressed opinion, degenerative changes
in the peripheral nerves are common in pernicious anemia and constitute
an important part of the pathologic anatomy of that disease.
These changes in the peripheral nerves may serve to explain the
disharmony between the sensory phenomena and the changes in the
spinal cord existing in certain cases, and in all cases have to do with the
production of sensory disturbances ; they are especially important in
those cases in which marked remissions of sensory phenomena occur.
Vibration sensibility may be lost without loss of sense of passivejoint movement and vice versa, and it is possible that the long fibers
carrying these two forms of sensibility pass up the cord sufficiently
separated so that a beginning lesion in the posterior column may involve
either one or the other alone at an early stage or, in accordance with
Petren's view, it may be that the fibers subserving joint sensibility, at
least, may pass up the cord in two pathways.
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